Many researchers have linked the evolution of the prehistoric center Cahokia to its location near the confluence of the Mississippi, Missouri, and Illinois rivers. It is possible to evaluate this idea mathematically through the graph-theoretic concept of centrality. The analysis suggests that Cahokia was located at the point of highest centrality in the Mississippi River drainage.
A variety of economic systems have been hypothesized to explain why Cahokia as an exchange center would have become a major population and political center for M ssippian societies in the midcontinent. Among these are chiefly redistribution and tribute systems (Chmurny 1973; Fowler 1974 Fowler , 1977 Lafferty 1977) , market (or market-like) systems (Hasenstab 1987; Kelly 1980; Porter 1974 Porter , 1977 , and prestige-good systems (Peregrine 1990; Welch 1986) . Regardless of which economic system is hypothesized to have been operating (and regardless of the nature of the nature of the goods being exchanged), if controlling the movement of goods through the Mississippi River drainage was an important element in Cahokia's evolution, then the site should have evolshoulved where such control was facilitated. In short, Cahokia should be located where riverine exchange could be controlled most readily.
A GRAPH-THEORETIC APPROACH TO CAHOKIA'S EVOLUTION
An effective way to define this type of control point in an exchange network is through the graphtheoretic concept of centrality. A graph is simply a two-dimensional structure consisting of spatially distinct points joined by lines (Hage and Harary 1983:3). The Mississippi River drainage can be portrayed readily as a graph, using points to represent river heads and junctions and lines to represent the rivers themselves (Haggett and Chorley 1969). Point centrality has been defined in three ways: (1) as that point in the graph with the highest degree (i.e., the highest number of lines adjacent to it); (2) as that point that falls on the most paths between other points; and (3) as that point that is maximally close to all other points (Freeman 1979 [1978] for a similar application to prehistoric settlement in coastal Papua New Guinea).
In two influential articles, Pitts (1965, 1979) considered the location of Moscow in terms of its ability to control riverine trade. In the first article, Pitts (1965) used a rather complex measure of betweenness and a simple measure of closeness to see how Moscow's "connectivity" (an unfortunate term, as connectivity relates to a measure of graph structure, not point location-what Pitts meant was centrality) related to its importance in the twelfth-and thirteenth-century Russian exchange network. He found a reasonably high correlation (Pitts 1965:19 (1987) employed graph-theoretic concepts in a discussion of the interpretation of data from regional archaeological surveys. Rothman (1987) argued that graph theory is particularly useful for archaeological analyses because (1) concepts have precise definitions, (2) quantitative features of empirical structures can be calculated readily, and (3) the structure of an observed system can be verified or disconfirmed through logically derived axioms and theorems (also see Hage and Harary 1983:9). In addition, Rothman (1987:75) explained that graph theory is broadly applicable in terms of its potential subjects and is therefore a powerful tool for analyzing a wide range of archaeological questions. Rothman went on to illustrate the utility of graph-theoretic analyses in regional archaeology with survey data from the Susiana Plain.
ANALYSES AND RESULTS
The graph used in the analyses that follow is shown in Figure 2 , and a list of the rivers is given in Table 2 shows the rating of each point in Figure 2 on five measures of centrality (standardized to an integer value). The first three measures are relative betweenness (betweenness/n -1 where n is the number of points in the graph), relative closeness (closeness/n -1, with closeness being an inverse value), and relative degree (degree/n -1) all generated by the CENTRALITY procedure in the UCINET GRAPH 3.0 software package (MacEvoy and Freeman 1987) .
The last two measures of centrality in Table 2 were created by the author in order to bring some "real-world" conditions into the graph analysis. The first of these is called geographic closeness. It is simply the inverse row sum of a distance (geodesic) matrix derived from the graph, but with the distances (geodesics) being measured by the geographic distance between points rather than the number of lines linking them (steps). A graph based upon geographic distances between points is given as Figure 3 . The values of geographic closeness presented in Table 2 are relative measures (geographic closeness/n -1). The final measure of centrality is called geographic degree. This measure is created by weighting each line incident upon a point by the inverse of its length, summing these weights, and multiplying by the degree of the point:
where L equals the length of a path incident on point P and D equals the degree of point P. The multiplier D is used simply to make the range of possible values greater. Lines incident on point P that are long under equation (1) are given less weight than lines that are short. Since degree is a measure of communication activity, it makes sense that if a point is far away the potential to communicate with it is lower than if the point were closer. Geographic degree is simply an expression 71 of this idea, giving greater weight to communication potential with points that are closer than those that are more distant. For example, the degree of points 18 and 21 are both 3, but the geographic degree of point 18 is 1 because it is relatively distant from its adjacent points, while the geographic degree of point 21 is 7.5 because it is relatively close to its adjacent points. Again, this measure is presented in Table 2 as a relative one (geographic degree/n -1). It is interesting to note that the correlation between closeness and geographic closeness for this graph is .856, and the correlation for degree and geographic degree is .868 (computed from a regression analysis using the PLOT procedure in SPSSX [SPSS, Inc. 1988]). These strong correlations suggest that it is not necessary to take "real-world" conditions into account when measuring centrality in this graph. Weighting these measures by distance created very little variation in the outcome of 2 and 3) . Table 3 presents the points of the graph in Figure 2 ranked in order of their summed scores on the five measures of centrality. Point 8, the site where Cahokia is located, ranks first by a good margin. Cahokia apparently is located at the point of highest centrality in the Mississippi River drainage. This, of course, supports the hypothesis that Cahokia evolved in a location where riverine exchange could be controlled readily.
CONCLUSIONS
Cahokia was located at the point of highest centrality in the Mississippi River drainage. Although others have suggested this based upon their intuitive understanding of the site's location (Fowler 1974; Kelly 1980) , by using the analytical tools of graph theory this study has been able to demonstrate Cahokia's centrality objectively and empirically. This is a significant accomplishment because it may lead to a better understanding of why this major Mississippian center evolved. Certainly the plentiful natural resouresources of the American Bottom region allowed Cahokia's inhabitants to both live in a large sedentary community and to support craft specialists and political personnel. But perhaps more importantly, Cahokia's centrality in the M ssippi River system meant that goods moving across the midcontinent by riverine transport had to pass through Cahokia in most cases. This would have allowed Cahokia's inhabitants the potential to exercise some control over riverine exchange in the Mississippi Basin. Regardless of the theoretical perspective used to understand Cahokia's function within Mississippian societies, the potential to control riverine exchange from its advantageous location may have been a vital element in the evolution of this major prehistoric center.
